Gangrene of the extremities of venous origin is reviewed; it is a rare but distinct clinicopathologic entity hitherto not widely known. A classification of the cases of thrombophlebitis complicated with gangrene is presented, based on the presence of the peripheral pulses: (1) cases with palpable arteries; (2) cases with nonpalpable but patent arteries. Patency of the entire arterial system of the involved extremity. as verified by anatomic findings, is necessary for correct diagnosis. Complete blockage of the venous system appears to be the initiating and main cause, angiospasm playing a secondary role. The gangrene usually remains superficial and limited. Hence, a conservative surgical attitude is emphasized.
Gangrene of the extremities of venous origin is reviewed; it is a rare but distinct clinicopathologic entity hitherto not widely known. A classification of the cases of thrombophlebitis complicated with gangrene is presented, based on the presence of the peripheral pulses: (1) cases with palpable arteries; (2) cases with nonpalpable but patent arteries. Patency of the entire arterial system of the involved extremity. as verified by anatomic findings, is necessary for correct diagnosis. Complete blockage of the venous system appears to be the initiating and main cause, angiospasm playing a secondary role. The gangrene usually remains superficial and limited. Hence, a conservative surgical attitude is emphasized. ANGRENE of the extremities due to *| vascular disturbances can almost invariably be ascribed to either pure arterial occlusion or mixed arterial and venous occlusions. Gangrene as a result of venous obstruction alone is a third variety, but its possibility is not widely recognized. This paper will deal with this latter variety only.
The common clinical course of the occlusion of the main vein of an extremity is well known. The absence of anoxemia of the tissues in thrombophlebitis or phlebothrombosis is explained by the ease with which the collateral circulation is re-established owing to the abundant venous pathways. When, however, in addition to the main vein most, if not all, of the tributaries are also occluded, marked anoxemia of the tissues leading to gangrene may ensue from the sole obstruction of the venous tree.
Gangrene following extensive thrombophlebitis without arterial occlusion is, however, of rare occurrence. A perusal of the literature has uncovered only 27 such cases, with adequate clinical and pathologic information. Two of these were observed by the author.
HISTORICAL DATA
As early as 1593, Fabricius Hildanus' seems to have been the first to recognize the possibility of gangrene of venous origin. Ever since, more particularly during the eighteenth and early nineteenth centuries, there has been much discussion on this subject as attested by many case reports. However, most of these reports were probably those of cases of gangrene due to mixed arteriovenous obliteration. Undoubtedly, the description of these cases suffered From the Surgical Division, Mlontefiore Hospital, New York, N. Y. from the confusion which existed at that tine iegarding the whole subject of gangrene and its mnechanism. In the latter part of the nineteenth centuiv the clinical and pathologic descriptions of some of these cases seem to leave no doubt about their ditagnosis.
Cruveilhier,2 in his "Trait' d'Anatomie Pathologique G6nerale" (1862) , pointed out the extreme rareness of this condition and emphasized that only very extensive venous thrombosis of both the ma1,iin and collateral trunks can cause it.
In 1859, Huetel3 published the report of a case and gave an excellent account of the clinical and pathologic criteria of this type of gangrene. In 1894, Gaillard4 reported a similar case and reviewed the lpreviously published observations. Most of the latter, however, upon careful analysis cannot be accepted as bona fide cases of gangrene due to venous occlusion alone. Three years later, Reyt5 observed another case and again reviewed the subject. Thereafter it is surprising to note that for more than three decades the literature carried only one new obserration published in 1905 by Pons.6 In 1924, in his book, Buerger7 merely mentioned that "complete obstruction of the chief veins of a part, without occlusion of the arteries, may also lead to moist gangrene, although this is of rare occurrence." In a further chapter he simply emphlat- HENRY HAIMOVICI hind leg. The same year, Wertheimer and co-workers,17 by their investigation on muscular infarction following venous obstruction, shed additional light on the problem of the mechanism of this type of gangrene. In 1938 the foregoing clinical, pathologic, and experimental data were reviewed by Audier and Haimovici.18 In the decade that followed several more observations were reported. [19] [20] [21] [22] [23] [24] In the American literature the first paper, reporting three cases, was published by Tilley in 1938.22 Bunn25; Meyer26; Smith and Quimby27; Allen, Barker, and Hines28; and Wright29 apparently have observed similar cases. Unfortunately, these authors did not publish the full account of their clinical and pathologic data. Because of insufficient information, these cases could not be included in our tabulation.
Recently (1948), Haimovici and Suffness24 reported another case and re-emphasized the clinicopathologic characteristics of this type of gangrene.
It appears from this historical review that gangrene of the extremities due to venous occlusion was rarely reported. When compared to the incidence of thrombophlebitis of the extremities, this complication would appear exceptional. It is probable, however, that the syndrome is less infrequent than the literature would lead us to believe. It is my feeling that a certain number of such cases have gone unrecognized because the possibility of gangrene due to venous obstruction alone is not widely known.
The recognition of this complication of thrombophlebitis is, however, of more than academic interest. Indeed, since this type of gangrene is usually superficial or limited to the digits, and since the ultimate tissue loss may not be serious, major amputations might be avoided. It is probable that loss of extremities had occurred because of failure to appreciate this fact.
The rareness of this condition and its possible management by conservative surgical procedures justify a survey of the entire subject. This review is presented with the hope of stimulating further study.
CLINICAL MANIFESTATIONS
This study is based on 27 cases, involving 29 extremities (table 1) .
The etiologic circumstances associated with the cases of thrombophlebitis in this series were the following: postoperative, 5; post-partum, 4; posttraumatic, 6; visceral malignancies, 2; miscellaneous (lung tuberculosis, lung abscess, cardiac decompensation, bronchopneumonia, postintravenous infusion), 6; and unknown, 4.
The age of the patients ranged from 8 to 69 years with an average of 41.4 years. The sex was almost equally distributed (15 males, 12 females).
The lower extremities were involved in 79.3 per cent of the cases, while in the remaining 20.7 per cent the upper extremities were affected.
The clinical picture of a thrombophlebitis resulting in gangrene is characteristic. The thrombophlebitic process may go through three distinct phases: (1) phlegmasia alba dolens or milk leg, (2) phlegmasia caerulea dolens or blue thrombophlebitis, and (3) gangrene.
1. Phlegmasia Alba Dolens.-This phase is well known and needs no further description. It preceded the blue thrombophlebitis by a few days to a couple of weeks in 44 per cent of the cases only. In the remainder of the cases, it failed to appear or may have been overlooked.
2. Phiegmasia Caerulea Dolens.-Phlegmasia caerulea dolens, or blue thrombophlebitis, was present as an initial manifestation in 56 per cent of the cases but was seen at a later stage in all instances irrespective of the onset. This phase of the thrombophlebitic process is usually typical in its manifestations.
Edema, considered as the pathognomonic sign of venous occlusion, may be absent at the inception in some cases. But soon thereafter, swelling usually becomes very marked and may extend beyond the groin5' 8 or the axilla2l. The main feature is its rapidly progressive development. The skin of the affected limb is glossy, exceedingly tense, and the edematous portion is of a characteristic woody consistency8. In a patient with swelling due to cardiac decompensation, phlebitic edema could be easily overlooked, but on closer examination the size of the affected limb is noted to be larger than that of the unaffected limb.13
Cyanosis was the most characteristic sign. It appeared very early, developed rapidly, and extended to the entire extremity. Its maximum intensity was at the distal parts (toes, heel, fingers) where areas of bluish dark or red discolorations were noted. Pain was a constant feature which accompanied cyanosis. Its onset may be sudden or pregressive. In the former case it was often mistaken for an embolic pain."2 13, 19, 30, 31 Irrespective of its type of onset, this pain was usually more intense than in the common form of thrombophlebitis. Sometimes in patients with GANGRENE OF THE EXTREMITIES OF VENOUS ORIGIN poor general condition, however, pain may go unnoticed14 . Local temperature was sometimes normal and it contrasted with the presence of cyanosis. However, in most cases, coolness of the distal parts of the limb was marked. Loss of motor power and hypesthesia, more frequently than anesthesia, were noted.
Arterial pulses were palpable in one-third of the cases (9 out of 27). In the remaining twothirds, distal arteries, although patent, could not be felt or their patency was not recorded. It should be borne in mind that the exploration of the pulses in these cases is fraught with difficulties because of the usually excessive edema in the foot, around the ankle, and in the popliteal space. Besides the edema, which may account at least partly for the nonpalpable arteries, the presence of arteriospasm may be another reason for the absent pulses. Suffice it to mention at this point, that in these cases, the patency of all the arteries was verified by careful dissection and also sometimes by arteriography.
Oscillometric exploration of the distal arteries is fraught with the same difficulties as that of the palpation of the pulses. In addition, the application of the cuff is often painful and furthermore may be inadvisable because of possible danger resulting from the pressure on friable venous thrombi. In the cases in which oscillometric readings were taken, the information obtained paralleled that of the pulse findings.
Arteriography, when used"2' 30 revealed the integrity of the arterial tree despite absent pulses and oscillometric readings. This means of exploration is not commonly used, but in such cases might be helpful in identifying the exact nature of the circulatory disturbances.
Multiple venous occlusions involving two or more extremities were not infrequent. In 2 out of the 27 cases, gangrene occurred in both lower extremities. In addition, in 8 out of the 27 cases, concomitant simple uncomplicated thrombophlebitis affecting other extremities was also noted. In one instance8, the patient had a typical migrating thrombophlebitis the first manifestation of which was that of priapism. Then, in addition to the blue thrombophlebitis and gangrene of the right lower ex-tremity, he developed venous occlusions of the left lower and upper extremities. Gutermuth's case21 is a similar example of extensive involvement of the venous system (both lower extremities, left upper extremity, and the veins of the neck). The time of appearance of these multiple venous occlusions varied. They rarely appeared simultaneously. In most cases, they either preceded by a few days or weeks the blue thrombophlebitis or followed it from a few days to two months.
3. Gangrene.-The course of this type of blue thrombophlebitis was typical. Gangrene of the distal parts of the extremity appeared within four to eight days after the onset of the anoxemic manifestations. It is well to remember, however, that blue thrombophlebitis does not necessarily lead to gangrene. A certain number of such cases, with transient cyanosis and ischemia occurring in the course of thrombophlebitis, have been reported'8 [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . When gangrene occurs, as in the present group, it is in most instances of the "moist" variety, but "dry" necrosis is not incompatible with a venous occlusions.
Usually gangrene was limited to the distal parts of the extremities and, most important of all, it remained superficial. The necrotic and surrounding areas presented a characteristic bluish discoloration. Blebs were often noted and lymphangitis also developed. The line of demarcation at the early stage was not always very sharp. If infection accompanied the ischemic disorders of the limb, the latter offered the classical picture of wet gangrene.
CLINICAL TYPES Thrombophlebitis complicated with gangrene can be differentiated into two main clinical types according to the presence of the peripheral pulses: (1) cases with palpable distal arteries and (2) cases with nonpalpable but patent arteries.
The following 2 cases, observed by the author, will best illustrate the two different clinical types.
Thrombophlebitis Complicated JWith Gangrene (Distal Arteries Palpable).* M. L., a 62 year old white HENRY HAIMOVICI man, was admitted, on May 26, 1946 , to the Alexian Brothers Hospital, Elizabeth, N. J., for neoplasm of the bladder. The patient had had hematuria for about two months prior to his admission. Except for a right inguinal hernia and some degree of chronic bronchitis, the patient's general condition was good. At the time of his admission an electrocardiogram showed no abnormality and the blood pressure was 150/70. On May 27, 1946, a midline suprapubic cystotomy was performed. The tumor was resected and five radon seeds of 1.5 mc. were inserted. The patient was ambulatory forty-eight hours after the operation.
On the fourth postoperative day the patient developed hiccoughs, for which he received carbon dioxide. Three days later congestion of the right lower lobe was diagnosed and confirmed by a roentgen-ray plate exposed on the following day. The patient was running a slight fever (101 F.) but there was no tenderness along the lower extremities. He was given 20,000 units of penicillin every three hours. On June 7 the left calf appeared infiltrated and tense. The diagnosis of thrombophlebitis became apparent. The patient was then given dicumarol (100 mg. the initial dose) and papaverine (2 grain administered subcutaneously every four hours), and his leg was elevated. During the following three days the calf was distinctly tense and the foot was warm. The patient's general condition was good.
On June 11 (fifthteenth postoperative day) at 5 P.M., the patient experienced a sudden pain in the left leg and foot, more marked in the latter. Upon examination, the entire left lower extremity, from the hip down, was found to be swollen. It was also warm, with the exception of the foot and lower third of the leg which were cold and mottled. The circumference at the calf was 38.5 cm. as against 32 cm. on the right side. The dorsalis pedis and the posterior tibial arteries were felt and of good volume. Oscillometric readings were:
Calf 3.5 3.5
A paravertebral block with 1 per cent novocain was performed at the first, second, third, and fourth lumbar vertebrae with good immediate results. The severe pain, present before the block, subsided and the patient remained comfortable during the next twenty-four hours. Nevertheless, on the following day, all the toes appeared much more cyanotic than on the previous examination. Another paravertebral block with novocain was performed with immediate good results. Despite that, within the next twentyfour hours, the first and fifth toes appeared completely black, while the second, third, and fourth were black only distally. The areas of gangrene, involving the toes, were most marked on the plantar region. In addition, the ball of the foot and a circumscribed area near the heel also appeared gan-grenous ( fig. 1 ). Two days later, another block was performed with the same apparent favorable response. The patient was much more comfortable. A line of demarcation became evident four to five days after the onset of gangrene. On June 19, the circumference at the calf was 33.5
cm. (5 cm. less than eight days previously). The edema of the entire left lower extremity was subsiding. The areas of gangrene on the plantar region (ball and heel of the foot) showed some fading, while those of the toes remained unchanged). On July 1 (three weeks after the onset of the acute ischemic episode) the patient was allowed to be out of bed, and six days later he was discharged from the hospital. His general condition was good. The edema of the lower extremity had completely subsided, and the gangrene of the left five toes was dry and well demarcated. No active surgery was contemplated, for it was assumed that spontaneous amputation would eventually occur. Indeed, the lesions of the ball and heel remained superficial and separated in a few months. As to the toes, after the demarcation between the normal and dead tissues began, the separation of the gangrenous distal phalanges took several months (from Oct. 9, 1946, to Feb. 3, 1947). The stumps (fig. 2 ) of the different toes were completely healed in May, 1947, eleven months after the onset of gangrene.
While at home, on Sept. 2, 1946, two months after his discharge from the hospital, the patient developed a typical iliofemoral thrombophlebitis of the right lower extremity. The entire limb was markedly swollen, hot, and painful. The patient was running a fever of 101.5 F. The next day a right paravertebral GANGRENE OF THE EXTREMITIES OF VENOUS ORIGIN block was performed and repeated twenty-four hours later. Withintwenty-four hours after the last block, the temperature became normal and the pain subsided. The edema of the extremity subsided within a week. Unlike the thrombophlebitis of the left lower extremity, that of the right side was not accompanied by ischemic phenomena and followed a normal course.
When last seen in June, 1947, all pulses were present in both feet and the oscillonietric readings were normal. It is to be emphasized that throughout the entire course of the disease the foot arteries remainedlpatent and the oscillometric readings were normal. figure 1 . These photographs were taken eleven months after the onset of gangrene. Note the healed stumps of the five toes after spontaneous amputation.
In this case, the clinical course Ivent through four distinct phases. First phase: At the inception, during the first few days, the thrombophlebitic process appeared as a typical phlegmasia alba dolens. Second phase: On the fifth day the patient experienced a sudden pain and his left leg and foot became cold and cyanotic. The clinical picture took the aspect of a phlegmasia caerulea dolens or blue thrombophlebitis. Third phase: Three days later, the toes and two areas of the plantar surface became gangrenous. Fourth phase: Regression and demarcation of the lesions began four to five days after the onset of gangrene. The spontaneous amputation of the five toes and the healing of the plantar lesions required several months. At present, there are no postphlebitic sequelae and the walking capacity of the limb is normal. A similar instance in which there was only minimal loss of tissues (spontaneous amputation of the toes) w-as also reported by Fontaine andl Eight days later, during the night, she was seized suddenly with a violent pain in the left foot, and cyanosis up to the knee was noted. During the next few hours the pain became excruciating, the cyanosis more prominent, and edema mole intense and painful to the touch. These troubles were most marked in the foot. In addition, coldness was also present in the foot and lowoer half of the leg. Loss of motor power was noted. The femoral artery just below Poupart's ligamnent could be palpated. None of the other pulses in this limb could be felt. Oscillometric readings were absent below the knee but were obtainable in the thigh. Fifteen to sixteen hours after the onset of this acute vascular occlusion syndrome, surgical exploration, under local anesthesia, of the femoral vessels was performed. The common femoral artery appeared normal; the superficial femoral was reduced in size and was pulsating feebly However, no clot was present. Stripping of the adventitia over 4 inches released the spasm; the artery resumed its normal diameter and was pulsating freely. (It is noteworthy that as soon as the stripping of the adventitia was completed the patient stated that her lain disappeared). The femoral vein, in its entire length, was distended and filled with a firm clot.
After the ol)eration a paravertebral block with novocain was performed. The leg became warmer but the foot remained cyanotic and cold. After a few days. the general condition grew worse, gangrene of the "wet" type became apparent, and a midleg amputation was performed. At the site of the amputation all the arteries were patent while the veins appeared thrombosed. An arteriogram of the aml)utated specimen showed a normal arterial tree in the leg and foot ( fig. 3 ). Careful dissection of the vessels revealed that all the veins, large and small alike, were thrombosed. _Microscopic examination showed a thrombophlebitic process at some levels, while the arteries appeared quite normal. This patient died a few weeks later from her cardiac decompensation.
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As in the preceding observation, the sequence of events in this case w-as typical: (1) phlegmasia alba dolens, (b) eight days later, phlegmasia caerulea dolens with acute ischemia and absent distal pulses simulating arterial embolism, (3) after a few days, wet gangrene. amputation. To make a diagnosis of gangrene of venous origin, it is necessary to establish the fact that there is thrombophlebitis without arterial occlusion. As already emphasized above, the type of venous occlusion most likely to induce gangrene is the blue thrombophlebitis. Its manifestations are typical. They consist of: (1) onset usually sudden; (2) 
1938.13)
This case is a typical example of a thrombophlebitis simulating at its onset a sudden arterial occlusion. A similar pseudoembolic onset was observed in several of the reviewed cases. 14, 19, 30, 41, 42 In my observation the etiologic circumstances and the acute occlusive vascular syndrome made the diagnosis rather difficult. The pathologic findings during the operation and those of the amputated specimen were decisive in establishing the true nature of this case of gangrene.
DIAGNOSIS
Gangrene of venous origin should be suspected whenever a thrombophlebitis is complicated with necrosis. Since this type of gangrene tends to remain superficial, an early diagnosis may be instrumental in avoiding an third of the cases) or their patency is disclosed by an arteriogram or by dissection. When the distal pulses are felt the diagnosis is relatively easy. When the distal arteries are not palpable the diagnosis is difficult or not feasible on the clinical data alone. In the latter instance, other types of occlusive vascular disease should therefore be ruled out.
Differential Diagnosis
Reflex Arteriospasm: Iliofemoral thrombophlebitis associated with a reflex arteriospasm may simulate blue thrombophlebitis.18' [31] [32] [33] 35. 37,41 The clinical course of the ischemic manifestations in reflex arteriospasm is variable. In some instances the symptoms of local blooddeficiency may disappear spontaneously after several hours and the diagnosis of phlegmasia GANGRENE OF THE EXTREMITIES OF VENOUS ORIGIN alba dolens becomes apparent. In other instances the ischemic phenomena are checked either by the use of papaverine and paravertebral block37 40 or by periarterial stripping". In all these instances, following these procedures, normal color of the extremity and the distal pulses return. The diagnosis of reflex arteriospasm then becomes evident. Contrasting with the latter cases, in those of blue thrombophlebitis resulting eventually in gangrene, the ischemic manifestations cannot be reversed completely by the above procedures.
Acute Peripheral Circulatory Failure: Acute peripheral circulatory failure caused by acute thrombophlebitis is characterized by loss of pulsations in the arteries of all extremities and should be easy to differentiate if this rare clinical syndrome is kept in mind (Dennis43 and Morgan and co-workers44). In these cases, the arterial pulsations disappear only transiently. Indeed, after proper treatment of the shock, pulses reappear and the diagnosis becomes evident.
Peripheral Arterial Embolism: Blue thrombophlebitis, particularly when associated with severe pain and marked arteriospasm, may closely simulate embolic occlusion.34 In order to differentiate one condition from the other, the following findings may be helpful. In embolic occlusion, the patient experiences acute pain with blanching of the foot and leg and coldness of the extremity. In such cases, there is usually evidence of a heart condition, either auricular fibrillation or acute coronary thrombosis. In blue thrombophlebitis, the objective findings already mentioned above, that is, enlargement of the extremity, prominence of superficial veins, and the marked cyanosis, should help to distinguish the two conditions. At the inception of the thrombophlebitic process, when edema may be slight, the error might, however, be unavoidable. Indeed, in some cases the nature of the occlusive vascular syndrome has been established only during surgical exploration of the main vessels.'3 14, 19, 31 Mixed Arterial and Venous Occlusions: These may present the most difficult problem in the differential diagnosis. Cases of acute thrombophlebitis associated with arterial occlusion (simple arterial thrombosis, thromobangiitis ob-literans, or arteriosclerosis obliterans) followed by gangrene may not be easy to distinguish from cases of gangrene due to venous occlusion alone. A previous history of intermittent claudication or a straightforward history of acute arterial occlusion preceding the venous occlusion may be in favor of the diagnosis of mixed arteriovenous occlusive syndrome. However, only careful dissection of the vessels of the affected extremity will reveal the decisive factor.
Among the reported observations of so-called puerperal gangrene,45-48 a good number appear to be due to mixed arterial and venous obstructions or to the use of ergot. The clinical and particularly the anatomic information accompanying most of such observations is not adequate. It is probable that some of these cases were gangrene of venous origin46.
Summary
From this review it appears that in some cases the diagnosis may be difficult to establish on the basis of clinical information alone. It is therefore, important to re-emphasize that in these cases the anatomic findings of the vessels of the affected extremity as revealed by a careful post-mortem examination or dissection of the amputated specimen are paramount in establishing the true nature of the gangrene. It is obvious that the patency of the arteries in an amputated limb does not necessarily exclude the possibility of arterial origin of the gangrene because the arterial closure might have been proximal. For this reason, active bleeding from the proximal end of the main artery during the amputation should be an additional criterion in favor of the diagnosis of gangrene of venous origin. In the selection of the cases tabulated in this paper, all these criteria were met.
PATHOLOGIC PHYSIOLOGY Data Supporting the Concept of Gangrene of
Venous Origin Clinicopathologic Data: From the foregoing description, it appears that the prominent features of this clinicopathologic entity consist of a syndrome of venous obstruction associated with gangrene and patency of the arterial tree. 
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While the clinical data may be very suggestive, however, the main evidence in support of the concept of gangrene of venous origin is furnished by the pathologic findings. Indeed, careful dissection of the entire vascular system (table 1) disclosed an extensive occlusion of the whole venous tree and the absence of any organic lesion of the arterial tree.
Microscopic studies of the involved blood vessels have confirmed the gross findings and offered a rational basis for the understanding of some of the clinical manifestations. From a review of the observations reporting detailed histologic information concerning the blood vessels, it is possible to emphasize the following points of interest.
1. The histologic data on the venous system are based on the study of its various segments: femoral, popliteal, anterior and posterior tibials, and muscular and saphenous veins.
The lumen is entirely occupied by a blood clot which is not always homogeneous. At certain points the thrombus is of recent date while at other levels of the venous system the organization of the clot is at an advanced stage. In most cases, the large-sized veins present a recent thrombophlebitic process, with or without a beginning of organization, while the smaller-sized veins present a more advanced process.
The study of the wall of the occluded veins offers evidence of phlebitis of variable intensity. Endophlebitis and interstitial hemorrhagic infiltration are more or less associated and their degree varies with the case and the level of the venous tree. Of special interest to be mentioned is the diffuse inflammatory infiltration of the adventitia. The infiltrative process of this periphlebitis (venous adventicitis) may propagate and extend to the adjacent arterial adventitia. This histopathologic finding is the most probable explanation for the associated arterial spasm which accompanied the thrombophlebitis in some of the cases.
2. The arterial system is usually intact. The lumen is empty and the wall appears microscopically normal, with the exception, in some cases, of the adventitia. In a case reported by Salmon and his collaborators,13 a slight degree of adventicitis of the femoral, popliteal, and posterior tibial arteries was noted.
While these anatomic findings suggest a causal relationship between the venous occlusion and gangrene of the extremity, the possibility of gangrene due to venous occlusion alone is not readily accepted. In order to understand more clearly the pathogenesis of this type of gangrene, it is important to review briefly some facts regarding the anatomy of the venous system and the data concerning the experimental reproduction of such lesions.
Experimental Data: The anatomy of the collateral channels of the venous system is well known and need not be reviewed. It is, however, pertinent to mention briefly that in both the upper and lower extremities there are two sets of veins, superficial and deep, which anastomose frequently with each other. The ease with which the collateral circulation is re-established, owing to the abundant venous pathways, is one of the main reasons for the absence of anoxemia of the tissues or gangrene in thrombophlebitis.
Indeed, it has long been apparent, both in man and in animals, that simple ligations or even multiple obstructions of the main veins of the limbs induced no important obstacle to the venous circulation. Leriche and Jung49 and Fontaine and de Souza-Pereiral6 studied in the dog the effects of resection and sclerosing of one or several segments of the venous system (saphenous, femoral, and vena cava). These obstacles to the venous circulation resulted only in a temporary edema not exceeding three to four weeks in duration. Only the division of all veins at the root of the hind leg of the dog was followed by gangrene of the limb of the wet type. From their experimental work, Fontaine and de Souza-Pereira concluded: "When the return of the circulation is completely blocked, the resulting stagnation of the venous blood is such that gangrene follows rapidly and the arteriograms are a proof of its pure venous origin."
It appears therefore, from these experimental data, that the completeness of the blockage of the venous return is an essential prerequisite for the occurrence of gangrene. These experimental facts shed interesting light on the ob- 
Pathogenic Mechanism of Gangrene of Venous
Origin Three factors seem to be involved in the pathogenic mechanism of this type of gangrene: circulatory arrest, venous stasis, and vasomotor disturbances.
Role of the Circulatory Arrest: Gangrene as a result of arterial obstruction, regardless of its cause, is ascribed to the interference of blood distribution to the involved areas. In the case of gangrene as a result of venous obstruction alone, blood can apparently reach the tissues. Despite the patency of the arterial system, however, there is circulatory arrest caused by blockage of the return blood flow due to the extensive venous occlusion (fig. 4 ). In the final analysis it appears that the underlying mechanism of gangrene of venous origin is essentially an obstacle which prevents arterial oxygenated blood from reaching the tissues.
Role of the Venous Stasis: The venous stasis which accompanies the thrombophlebitic proc-ess seems to be an important contributing factor to the ischemia. Clinicopathologic and experimental data on infarction of various viscera caused by venous occlusion (gut,50'53 spleen,54 kidney55, brain56 57, breast,58 and of striated muscle17) seem to emphasize the role of venostasis in their genesis. Ricker59 has shown that stasis and anoxemia can be directly responsible for necrosis with hemorrhage. From their work on muscular infarction due to venous occlusion, Wertheimer and associates"7 hold a similar view. In a broader sense, visceral infarcts due solely to venous thrombosis are other illustrations of gangrene obeying the above mechanism.
Role of the Vasomotor Disturbances: On the basis of clinical and experimental evidence, Leriche and Kunlin60 and Ochsner and De-Bakey36 believe that many of the clinical manifestations in venous thrombosis are due to vasospasm of the arterial and venous systems and that the vasoconstricting impulses originate in the thrombophlebitic segments.
It is not generally appreciated that the veins, like the arteries, respond to many types of stimuli6". Malmejac and Haimovici62 have shown in the dog that stimulation of the lumbar sympathetic chain induces, among other responses, venospasm as expressed in terms of blood stasis and increased volume of the limb.
The role of venospasm in the causation of the circulatory disorders occurring in this type of thrombophlebitis, however, appears difficult to evaluate. It is possible to assume that in some cases it may only contribute to complete the already extensive venous occlusion.
In several of the observations reported in this series, arteriospasm accompanied the thrombophletitis as was definitely established during surgical exploration of the main arteries or as was disclosed by arteriography. In all these instances, the arteriospasm was always preceded by the thrombophlebitic process. On the basis of the available information it is difficult to determine whether or not this spasm extended also to the collateral branches. As to its nature, the histologic evidence presented above points to its reflex origin. Indeed, the propagating adventicitis from the vein to the artery is in favor of this view. Since the presence of arteriospasm accompanying the venous occlu-HENRY HAIMOVICI sion, in some of these cases, is undeniable, the question arises as to what extent it was responsible for the gangrene. From the available data the arteriospasm appears to play rather a secondary role in its causation. Two sets of facts seem to lend support to this view. First, there are a number of cases of gangrene of venous origin without accompanying arteriospasm. Second, it has been shown experimentally that it can be reproduced by blocking only the entire venous system of the limb. It appears, therefore, that while angiospasm may be an aggravating factor, it is not the initiating cause in the mechanism of this gangrene.
PROGNOSIS
The outcome in the 27 cases, recorded above, leaves much to be desired. Eleven out of the 27 patients died, their general condition being apparently responsible for this poor prognosis. Among the 16 remaining patients, only 3having 4 involved extremities-had minor gangrene and recovered without surgery. In the other cases, major amputations were performed. It is to be hoped that modern treatment (antispasmodics and anticoagulants) and the knowledge that this type of gangrene usually remains superficial will improve the prognosis. TREATMENT Treatment will vary according to the stage of the clinical manifestations. In the presence of blue thrombophlebitis, the treatment should be directed against: (1) the angiospasm, (2) the propagation ef the intravenous clotting, and (3) the underlying condition. There is no need to describe in any detail the different means for the management of these factors. However, it suffices to mention them briefly.
The control of the angiospasm can be obtained by the use of papaverine, Etamon, Priscoline, Dibenamine, or by paravertebral blocks of the sympathetic ganglia with procaine. The latter procedure can be repeated if necessary every twenty-four hours for as many consecutive days as is deemed advisable. 24 It is generally agreed that anticoagulant therapy is important in the treatment of a sudden vascutlar. occlusion. As indicated above, in the cases of thrombophlebitis followed by gangrene, the entire venous system of the limb was filled with thrombi. Since this event is mainly responsible for the gangrene, it is of the utmost importance to institute anticoagulant therapy (heparin, dicumarol) as soon as possible. The duration of its administration will, of course, be guided by the clinical manifestations.
In addition to the above measures, the treatment of the underlying etiologic condition should also be undertaken concurrently when indicated.
When gangrene sets in, and its venous origin is suspected or definitely established, it is important to bear in mind the fact that these lesions may remain superficial. Gangrene of the deeper tissues may be much less extensive than is apparent from observations of the skin.24' 29 30 Amputation should therefore be delayed unless signs of toxemia are present. Antibiotics should prove beneficial under these circumstances. Demarcation of the necrotic areas and their spontaneous elimination may occur.24' 30 If lesions appear more extensive, a major amputation may become unavoidable.
SUMMARY AND CONCLUSIONS
A study of 27 cases of gangrene of the extremities following acute thrombophlebitis without arterial occlusion is presented. From the review of the literature it appears that this complication is rare.
The clinical picture of a thrombophlebitis resulting in gangrene is characteristic. Phlegmasia alba dolens, or milk leg, as an initial manifestation was seen in 44 per cent of the cases. Phlegmasia caerulea dolens or blue thrombophlebitis was present in 56 per cent of the cases at the onset but was seen at a later stage in nearly all instances. The latter syndrome is usually typical and consists of edema, often of a wooden consistency, marked and extensive cyanosis, and intense pain. Arterial pulses were palpable in one-third of the cases, while in the remaining two-thirds the distal arteries, although patent, could not, be felt to pulsate. In these cases, the exploration of the pulses as wpell as the oscillometric readings is fraughtfwith difficulties because of the usually excessive edlema in the foot around the ankle
